Moreover, NTM species identified amongst isolates from the slaughterhouse environment clearly differed from those from lymph nodes and faecal samples, excluding cross-contamination of the tissue specimens through the environment or laboratory processing. Assuming that some NTM interfere with the detection of bovine tuberculosis (bTB), the present findings in healthy animals emphasize the need of more specific diagnostic tools for bTB eradication programs.
environment and they have been isolated from a variety of sources, including water, feed, soil, dust, aerosol, invertebrates, protozoa or animals (Biet & Boschiroli, 2014; Falkinham, 2015) . Some NTM are opportunistic pathogens, which might be transmitted between the environment, wildlife, livestock and humans (Biet, Boschiroli, Thorel, & Guilloteau, 2005; Falkinham, 2009 ). More than 60 species of NTM are known to be pathogenic to humans and animals (Biet & Boschiroli, 2014; Falkinham, 1996; Griffith et al., 2007; Tortoli, 2003) . A large variety of clinical manifestations caused by NTM are described, amongst others lymphadenitis, lung disease, skin infections, soft tissue infections and visceral or disseminated disease (Falkinham, 1996; Griffith et al., 2007) . In humans, NTM-associated infections in immunocompetent persons have recently increased (Prevots & Marras, 2015; Primm, Lucero, & Falkinham, 2004) . Identification of mycobacteria at species level is therefore crucial for evaluation of their clinical significance.
Despite the increasing interest in NTM infections, information on the occurrence and the diversity of NTM in livestock, especially in cattle, is still restricted. The available literature is mainly focused on (i) the Mycobacterium avium complex (MAC) and its subspecies, (ii) NTM derived from clinical samples suspicious for MTBC and (iii) isolates from pigs (Agdestein, Olsen, Jorgensen, Djonne, & Johansen, 2014; Klanicova-Zalewska & Slana, 2014; Lara et al., 2011; Leao et al., 2014; Muwonge et al., 2014; Vluggen et al., 2016) . Only a few recent studies (France, Hungary, South Africa, South Korea, Tanzania, US) comprehensively evaluated the spectrum of NTM species in cattle using molecular methods (Biet & Boschiroli, 2014; Gcebe, Rutten, Gey van Pittius, & Michel, 2013; Katale et al., 2014; Kim et al., 2014; Ronai et al., 2016; Thacker, Robbe-Austerman, Harris, Van Palmer, & Waters, 2013) . Another aspect of veterinary relevance deserving attention is the interference of certain NTM species, for example M. kansasii and members of the MAC, with the diagnosis of bovine tuberculosis (bTB) (Biet & Boschiroli, 2014; de la Rua-Domenech et al., 2006; Hope et al., 2005; Schiller et al., 2010; Thacker et al., 2013; Vordermeier et al., 2007) . Ante-mortem diagnosis of bTB is commonly based on tuberculin skin tests and interferon gamma (IFN-c) release assays. Non-specific sensitization (cross-reactions) due to the exposure or infection with NTM species displaying the same antigen(s) as the target species therefore represents a serious issue for bTB eradication. Thus, the aim of this study was (i) to determine the occurrence and to identify the species of mycobacteria prevalent amongst healthy slaughtered cattle in Switzerland, and (ii) to compare the species distribution of mycobacteria from lymph nodes, faecal samples and the slaughterhouse environment.
| MATERIALS AND METHODS

| Abattoir and sample collection
This study was based on investigations carried out in a Swiss abattoir with an annual slaughter capacity of more than 20 million kg (cattle, sheep and pigs). The abattoir processed up to 60 cattle carcasses per hour (on average 85 cattle carcasses per day). During 2 months (January to February 2015), a total of 108 healthy cattle were sampled.
Sampled cattle aged between 3 and 24 months, and they originated from the north and central part of Switzerland. From animals delivered together to the abattoir and originating from the same premise, not more than one animal was included in the survey. Sampling comprised five sampling days and between 11 and 35 cattle per sampling day.
From each of the 108 sampled cattle, two lymph nodes (left bronchial lymph node and caudal mediastinal lymph node) and a faecal sample were collected. Lymph nodes were excised after evisceration using sterile forceps and scissors. Faecal samples were collected after evisceration from the large intestine using swabs. In addition, 15 environmental samples were collected during the slaughtering process on three occasions using swabs moistened with 0.85% saline solution.
Environmental samples were obtained from the slaughter line (n = 3), hooks for the thoracic viscera and the liver (n = 4), backside and palm side of gloves (n = 3), blade of the knife that the butcher used to cut respiratory tract lymph nodes (n = 2), the wall behind the suspended respiratory tract (n = 2) and a water handle (n = 1). Lymph nodes, faecal samples and environmental swabs were packed into sterile stomacher bags and transported to the laboratory chilled.
| Sample preparation
Lymph nodes were trimmed of fat and connective tissue upon arrival in the laboratory. Faecal samples were temporarily stored at À20°C.
Only faecal samples from cattle with lymph nodes positive for Mycobacterium spp. were investigated. The microbiological analysis of the samples was performed according to Ghielmetti et al. (Ghielmetti et al., 2017) . Briefly, 2 g of each sample was homogenized in 20 ml saline solution (0.9%) using a rotating-blade macerator system (T18 Digital Ultra-Turrax IKA, Staufen, Germany) and subsequently centrifuged 15 min at 3000 g. After discarding the supernatant, the sediment was decontaminated by suspension in 4.0 ml H 2 SO 4 (4%), incubation for 15 min at ambient temperature and neutralization by adding 5.65 ml NaOH (1 M). Afterwards, 20 ml phosphate-buffered saline solution (PBS, pH 7.4) was added and the suspension centrifuged 15 min at 3000 g. The final sediment was resuspended in 2.5 ml PBS and used as inoculum. Swabs originating from the environmental sampling were washed into 4 ml saline solution (0.9%) and subsequently processed in the same manner as specimen of animal origin. 
| Macroscopic and histological examination
After trimming lymph nodes of fat and connective tissue, qualified staff inspected them macroscopically and recorded potential pathological changes. A subset of lymph nodes was additionally sampled for histology. The focus was thereby on lymph nodes from cattle testing positive for mycobacteria and presenting macroscopic lesions.
Samples for histological examination were fixed in 10% buffered formalin and embedded in paraffin. Two-to three-micron-thick tissue sections were obtained and stained with haematoxylin and eosin.
| Ethics statement
Animals used in this study did not undergo any manipulation prior to stunning for standard industrial slaughter according to the pertinent legislation. For this reason, no specific ethical approval was required.
| RESULTS
All mycobacterial isolates from lymph nodes, faecal samples and environmental did not belong to the MTBC and tested negative by artusâ M. tuberculosis real-time PCR.
| Lymph nodes and faecal samples
Of the 108 sampled healthy cattle at slaughter, lymph nodes from proposed species of rapidly growing mycobacteria firstly isolated from the bone marrow of a human patient (Hoefsloot et al., 2010) .
Of the lymph nodes from the 22 slaughtered cattle showing growth of Mycobacterium spp., 55% did not show macroscopic pathological lesions (Table 2) . Amongst the lymph nodes showing macroscopic changes (n = 10), discoloration predominated (observed seven times), followed by bleeding and induration. M. avium subsp.
hominissuis and M. kansasii, the predominant species of mycobacteria identified in this study, were found in lymph nodes with and without macroscopic changes. Histological examination of a subset of the mycobacteriologically analysed lymph nodes (n = 15) showed reactive hyperplasia (moderate to severe; n = 10; Figure 1 , panel a), multifocal anthracosis (mild to moderate; n = 7; Figure 1 , panel b), eosinophilic lymphadenitis (mild to moderate; n = 3), sinus histiocytosis (severe; n = 1) and plasmacellular hyperplasia (moderate; n = 1).
Prussian blue stain was used to detect the presence of iron resulted negative, excluding haemosiderosis. 
| Environmental samples
Of the 15 environmental samples collected during the slaughtering process, nine (60%) showed growth of Mycobacteria spp. in cultures.
These nine samples originated from gloves (n = 3), the slaughter belt (n = 2), the wall (n = 2), a knife and a hook. The nine mycobacterial isolates were identified as M. paragordonae (n = 6), M. peregrinum (n = 2; from slaughter belt and wall) and M. nebraskense (n = 1, from the knife; Table 1 ).
| Mycobacterium avium complex characterization
For species identification and further characterization of MAC members, the complete hsp65-encoding gene was sequenced (and not only the common 441-bp portion). All 14 isolates were identified as M. avium subsp. hominissuis.
| Mycobacterium kansasii complex characterization
Phenotypically, the six M. kansasii/persicum isolates were not differ- 
| DISCUSSION
In veterinary medicine, with the exception of M. avium subsp.
paratuberculosis, the presence of NTM is generally not specifically searched (Biet & Boschiroli, 2014) . Thus, isolation of NTM is often a secondary finding of MTBC investigations. Therefore, the large majority of publications report isolation of different NTM species within the framework of bTB surveillance programs. In the present study, identification and molecular characterization of NTM species Histological findings comprised reactive hyperplasia (predominantly, moderate to severe), multifocal anthracosis (mild to moderate), eosinophilic lymphadenitis (mild to moderate), sinus histiocytosis (severe) and plasmacellular hyperplasia (moderate).
M. avium subsp. paratuberculosis (Map). They are commonly differentiated by the presence or absence of specific insertion sequences, for example IS900, IS901 and IS1245. Additionally, according to the current laboratory standard, the 3 0 region of the hsp65 gene can unambiguously distinguish between these subspecies (Turenne et al., 2006) . Whilst Maa and Mas are the cause of avian tuberculosis and their molecular differentiation at subspecies level is under discussion,
Mah has a clearly broader host range. Assuming that Maa and Map are obligate pathogens of birds and ruminants, respectively, and that these strains are rarely found in other hosts, a clear differentiation between environmental and host-specific members of the MAC is necessary. Nowadays, Mah is presumed a strict environmental (water, soil, dust and straw) mycobacterium and has been frequently isolated from different animals species, including pigs and cattle (Biet & Boschiroli, 2014; Mobius et al., 2006) . Of the NTM isolated from bovine lymph nodes in the present study, Mah, M. kansasii and M. persicum are known to have the potential to interfere with bTB diagnostics and, in some cases, to cause false-positive reactions leading to considerable economic losses (Vordermeier et al., 2007; Waters et al., 2006) . In fact, the presence of the ESAT-6 and CFP-10 encoding genes in all cultured | 715 be one explanation for the low specificity of the IFN-c assay (Pucken et al., 2017) .
Three isolates (ZH36, ZH60 and ZH63) belonged to M. kansasii subtype 1, generally considered more pathogenic for humans than other subtypes (2-7) (Taillard et al., 2003) . According to the literature, subtype 1 is the most frequent subtype isolated from humans and it is only rarely isolated from the environment. Switzerland is faced with NTM infections in humans too (Kuznetcova, Sauty, & Herbort, 2012; Latshang, Lo Cascio, & Russi, 2011; Taillard et al., 2003) ; to the authors' knowledge, however, the number of infections is not considered to be higher than in neighbouring countries. where occasional infections have been described (Khatter, Singh, Arora, Rana, & Seth, 2008) .
To investigate possible cross-contaminations at the abattoir, 15 environmental swabs collected during the slaughter process were submitted for mycobacterial culture. Mycobacterial species identified amongst isolates from the slaughterhouse environment thereby clearly differed from those from cattle (lymph nodes and faecal samples). The predominant mycobacterial species from the environment was M. paragordonae with six isolates. M. paragordonae is a slowgrowing mycobacterium closely related to M. gordonae, which is typically regarded as a contaminant and commonly isolated from soil and water (Griffith et al., 2007; Thomas, Herrera-Rimann, Blanc, & Greub, 2006) .
In conclusion, a remarkable number of mycobacterial infections were observed amongst clinically healthy Swiss cattle slaughtered for human consumption. With the purpose of improving bTB and paratuberculosis surveillance programs, the presence of various NTM species should be taken into account. Moreover, although the zoonotic risk of NTM isolated from Swiss cattle remains unclear, it must be emphasized that human pathogenic strains have been identified and further epidemiological investigation including isolates from different sources are required.
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